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ABSTR.~CT


Because stream fisheries are so closely associated


with forested waters~eds, it is necessary that the strew~s


and forests be managed jointly under a system of multiple


use. This requires a knowledge of the interrelationships


betwee~ these resources to yield maximum returns from both.


It is the purpose of this paper to relate logging practices


to fish management by ascertaining the effect of logging-road


construction on the drop of insects into a stre&~o

/ ­

On the South Fork of Caspar Creek the insects falling


into t~e stream were greatly increased after a logging road


was "built. A twofold increase in number and weight of insects


occurred over the entire stre~l. In UDisturbed 1/areas, \<lhere


the road paralleled the stre~~j drop insects increased three


and one half times by nQ~ber and one and one half times by 

weigh>c over the IIInsect-Cont.roll: area.. In the "Highly DisturbedU 

areasj where the road crossed the strewn, insect nill~bers


increased by five and one half times and a threefold increase


by ~veightover t.he "Insect:-Controlll area was not.ea. 

A more than proport.iona~eamount of the increase occurred


in those adult insects having aquatic i~~ature stages.. One


such f~~ily, Ch~ronomidae~ had a greater occurrence after


road construction tha~ all insects combined before construction.


This fw~ily showed the ~ost significant change of the families


studied. \ 



INTRODUCTIO::-J 

Many studies have been conducted on the importance of


insects as fish foode The majority of these investigations


were analyses of fish stomach contents; a few of vlhich


compared the ratios of terrestrial to aquatic insectso Most


investigations have sno\VTIthat terrestrial insects are very


important in the diet of streQ~ fish, comprising from 10 to


40 percent of the total diet of some specieso It has also


been demonstrated that te~restrial insects are most important


to the diet of a fish during the slliT~er,with the degree of 

this importance varying with stre~" size, and type and

~

~


density of stream covero


Demory (1961) and Chapman (1966) found that in small


coastal tributaries; similar to Caspar Creek, terrestrial


insects made up at least one ~hird of the diet of small coho


salmone Other researchers placed their emphasis on measuring


the supply of aquatic insects in a stream by use of Surber


and drift samplers. This has proven useful in describing


. the effect of changing stre~u conditions, such as sedimentation


upon strefu~insects and has helped relate physical changes to


changes in fisn p~oduction for the lotic environment.


However, no work has been done on how the terrestrial derived


portion of a fishls diet is affected by changes in the


watershed enviro~~entJ sucD as logging.


~


~
J
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This paper has two basic aims: (1) To determine what


insects raIl into a stream from an undisturbed and distrubed


(after a logging-road has been co~structed) redwood type


forest~ (2) To determine the effect of the disturbance upon


the &'1lount of I:drop insectsll available as fish food at the


stream's surfacee


~ 
~ , 

'" 
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STUDY Ai~El:.. 

Location and DescriDtio~
~- . , 

Caspar CreeJ<.: I1endocino County i Californiais located 

about 100 miles north of San Francisco: in the heart of the 

redwood region. The stream originates in TO\VTIships17 and 

18 North, Range 17 West, Mount Diablo Meridian, at ~n 

approximate elevation of 1,000 feet aDd drops rapidly to 

an elevation of 300 feet, then levels off, and slopes 

gradually for about 6 miles to the Pacific Ocean (Figure I). 

Located 5 miles south of Fort Bragg, in the Jackson State 

Forest~ a part of Californiass Lower Conifer Zone, this


typ£cal short coastal stream drains approximately 5,000 acres


of second growth trees that are 65 to 80 years old.


One hundred years ago, the whole Caspar Creek watershed


and much of the.surrounding land was logged to meet the


demands of a growing country~ The cutover forests were then


burned in an effort to make Dasture for domestic anliuals

... 

(Raymond, 1964), but despite these efforts, the area is 

covered today by a vigorous young stand of re&vood and Douglas-

fir. 

The Caspar Cz-eek 'i.V'atershedhas t:,,70main fo::-ks.. T11e nor-th 

fork drains 1.. 255 acres and served as a "cont.rolarea v1hileII 

the south fork drains 1,050 acres and was the "test areal!


(Figure 2). The geology.. topography.. and soil are similar


on these twin watersneds.. and tDey are representative of the
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Figure 1. Map of Caspar Creek area. 
(S.W.F.& R. Exp. St.) 
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Figure 2. Map of South (Test Area) and North (Control Area) Forks

of Caspar Creek.


(Kabel and German, 1967)
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timber growing creas in California's redwood rGgion (Raymond,


1964).


Backqround of the Caspar Creek Pro;ect


Tne Caspar Creek study was initiated in 1961 to determine


the effects of logging and its associated activities on a


watershed. It is a cooperative project involving the U. S.,


Forest Service (Pacific Southwest Forest and Range Experiment


Station), the California Department of Fish and Gwile, the


California Department of Water Resources, the California


Department of Conservation (Division of Forestry), the


University of California (School of Forestry) and H~mboldt
-


State College.


Tte project was divided into three segments: First;

"


there was a six year control period during which initial


measurements were made, second, a logging road was constructed


in the Sllifuuerof 1967, to be followed by a six year staDiliza­


tion period; third, the area is to be logged in 1973 and a six


year post-logging study made.


To measure the changes occurring in the watershed, special


a~phasis has been placed on:


1) Stre~~ sediment


2) Stre~a flow


3) Watersned p=ecipitation


4 ') ~]=~er ~omro~~~ urec

- ~u - '-'--"'l!~-C:l.- - ~ 

!:; 71~ r te""'~'"'c:..,..'"'.:-" l~ ec

-' ) .''''- "'.;._hc:l ""


6) So'~r ~~'"'~~ ~
-c::.- ra U..:.c !.... o


7) StT.E:a.I~ Ca::10DV~ .. 
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8) Mapping the area 

9) Insect drop 

\-lith ac1di>cionalinfoy;r.ationbeing collected on: 

a) Chemical conditio~s 

b) 'l"'urbidi>cy


c) Stre~~ dryi~g


d) Algae a~undance and distribution


e) Sedimentation areas


~ PoOl -"~ ri~~le --~1 0S
L ) - ~~~ ~a~­


g) Fish distributiQn and food habits


So "chat comparisons betHeen s01..rt.l'1
nor>c"h and forJ;;:s could 
'­

be made at specific locations, the entire length of each


stream ..fork was marxeo. vli-'ch perrnanent s"cation markers at 

intervals of one hundred feet, starting at the permanent 

weirs and going upstre~~. 

Fish §pecies 

Silver sal~on (Or-corrly~chu~ ~isutch) and steelhead 
" ~

.oo~.T t''''
' .. ~:=\ J-- -'-~r~Y">6'''";; _.r '-"n - ".royt1 ' 1"""' .!"''
ra n o c ( o --~ ) OU S S on o s
J... .v - U wc. .re; g2L~-,-,--,_,-",-,. c e "C.~e anaa..:. '-.. a-".,.l.


that inhabit Caspar Creek. At least one sculpin (Cottus ~.), 

and the three spined stickleback (Gasterosteus aculeatus), 

are COmLlon.. So~e of the trout in the upper part of the 

creek are proba01y resident ratDer than m~gratory (Kabel and 

GermanJ 1967) .. 

Strea.il Flmqs


BOF'n .<: KS -:=: r'",,,,-.,,,,,.,- C~-r:>a-'~ ,.:.~ o "~:::-' e 'r m ';""-L. e r;"- .!,..., t """l.O -.'(" O - ""'~._,;"'---~~l'.. J,J~\..- -;'~+- - - '-~ u'-.i... ..e...'­

study areas. Flow below thei~ ju~ction is co~tinuous, 

http:s01..rt
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hOviever and no bars form in t.:le SUrIli.-ner to block t.he mouth.I 

Highly variable flows are typical of this strcGTI, v7ith low 

SUIT~er flows of 0011 cfs in the south fork and 0,,06 cis in 

the north fork recorded at the flow-gaging weirs (Po s. Fo 

~md Range Exp" Station; 1963-64 ProgQ Rept.,,) and maximurn 

flows of 288 cfs and 305 crs in the south and north forks, 

respectively, recorded in January 19660 Flood flo"\'7s peak 

and drop off very rapidly in this drainage (Kabeland 

German, 1967).


Loqginq Road and Construction


Road building along the south fork started on May 23,
--~ 

19670 Generally; clearing and r02d work progressed downstream


from the uppennost part of the study area"

~,

~TDe road-building activity di~ectly affected much of


the streiliui its bed and banks" Small trees, branches and


leaves, and substantial quantities of rock and soil slid


into or were deposited in Caspar Creek. At least 361 feet


of stream bed were co~plete1y altered by bulldozer operation~


directly in the strefuuo Almost the entire length of the study


area was directly affected in some way by road construction


,
 activities. By Septemb8~ 1967, a:l road construction and


stre~~ clearance operations were co~pleted. About 100,000


cubic yards of material were moved during the construction


of 3.7 miles of road. The st~e&u clearance program removed


much of the coarse organic cebris i~ the stre&u and along


its banks (DeWitt, 1968).


" 

}'" 
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The change in the s.tudy area is s1'10\1n in tvlO aerial 

photographs supplied by the California Division of Forestry 

.-,"-':
(G <:! ~ ~ --J"" i ~-"..'\; 0 '')) Tne first pDotO, made
o sa.1.Q, pe-,- SO.1a- cOw;.., ;.-_Cc::.\ .0 0 

S"'0 "7S '-'1"""U '"';c'.'' r'",,,,,,,! """) 'fA'r° 1-7': c""re ~ ) 'l-nCle
'''' sou t( (
in 1959, .., '--0'''' J.. -"""''''' .1..'","-<. a \.-L. -'-'-. - -;,i'"'"- "'. 

second photo: m~ae in 1968: sho\vs the same area after logging


road construction (Fi9~re 4)~


Post-ConstT-uction Procedures


The Caspar Creek logging road construction was planned


to ~e less disruptive to watershed and stream conditions than
-'--­

average operations: but it proved to be more or less typical


(Dev.litt, 1968). Howeve~~ after the roads were built, two


atypical actions were taken to partly compensate for the


disruption caused. First, all coarse debris was r~~oved

"

'.'


from the south fork. Second, all banks and exposed slopes


along the south fork were fertilized and seeded with rye


grass. ?~e grass was wall established before the first


substantial rains in the fall of 1967D


Effect of Loqqinq Roads


Sediment and T~rbiditv: Roy Silen, Forester in charge


of the ~.. J. l~ndre\']s Experil'nental Fo:cest... Oregon, stated his


observations indicate that the b~ilding and use of logging


roads constitutes the majo~ source of sediment to logged-over


strec:u.-ns(;'.Justenbe:cgJ 1954). 

On Caspar Cree;-(t.he direct. felJ.ing" of trees in"to the 

streillG and its tri~utaries increased .stre~" turbidity slightly. 

.For exar."lp1eivln.enfelling was in progress at s':::'ation and47, 

)




"'~


I-'

0


Figure 3. Aerial photograph (1959) of the South Fork of Caspar Creek in undisturbed 
condition. (CDF) 



~"~, ~'-"'~-"-,,"~e'-" -'~.,,~ 
.,., , ~ ~""'--~~'" '" "'... '1'''''''-''''''''''1''''''..-", - ~"~'{~ '/'(~ ,........ "' """-"""", ;"'~""""'-'~-""""7;,,",,!,r,..~,,,,,,,,,"'''',,,,,,,,:,,,,,,,'1 

;'J :.:; 
,.A

" . ,) 
~ 

.. 
{ ; .,' 

,', 
,{',\., ,.' 

., ' 
~ 

. , .'> 
,." >e' c'. " 

.. .' ,,'.,.,<. p. 

"', 
"

(" 
,'; 

.' .. ',., 

, ,..,' . -:J<:',c.. . .','-' 

;, '."'" E,' .. ,:~ ',' '.f
,," 

I.!, ,.,< ',' 

'",

.. 

" ,i 

!" I-' 
..... 

-

.,". 
I 

.", " 
.17" .' " ,P." "" !' .:" 

,~ ,." t. \ " ., ',. 

/' ," o,n '> ~''''OO~, f" . ki ".. -.r, ".:;,:~
C' .~' I. .1 '. 1 
~ f "K, " ;;.,..:"
',,' y : '~4,,)d"'.j

I!: .~.. ,.~ .."-.>.- """""',-~ "''''_'_'--'''''''''"~~'' ., '&""N' ,j,,,-~, diL_..,,. -'''' . .~=.""""";L.::: ~.~,i"":';'-~~£:...~:';'AIL..;.;..~k~,"" ~,,,:L:.J 
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on a tributary that entered the south fork at station 4405;


the turbidity was 11 p$pollioin the south fork below the mouth


of the tributaryo HoweV8~; it dropped to 2 popomo about


1000 feet do~mstr8~~ which was approximately the level


recorded upstream..


Construction of ~ stre~a c=ossing bebveen stations 67 

and 68 on August 12, 19674 resulted in high turbidity for 

1000 feet dO\~1stre~aJbut no effect was noted on the turbidity 

at station 4 a mile downstre~~o The highest turbidity at 

this station the next day was 18 .popomo At station 60 

(700 feet do\vnstre~~), turbidity had returned to around 1 p.p.m., 
~--­

its pre-constructionlevel. Generally; irmnediate effects of 

cuttingq.road building ~1d bridge construction on turbidity 

were; local and of Short durationo 

After construction the road apparently caused considerable


increases in t~rbidity during periods of hea~J rainfall.


\vinter stre~Q conditions are very linportant to aquatic insects


because of its effect of naiads. On January 14, 1968, during 

a moderately heavy rainfall; turbidities as high as 3;000 p.p.roo 

'tV'ererecorded :in the sout.h fork st.udy area as far upstre~L1 as 

station _46. On the same day, north fork turbidity was only 

60 p.p.mo (De'!Jit.t.;1968) De'V'Ji'ct also records some erosion 
0 

and slippageJ resulting in the deposition of as mucn as two


feet of sedi~ent. in the str0a~.


'Tl 1 "mi n ~J- i """ r.7")"- e r 1 r"'1 ;::".; - "'''-''~e 'r~''- u rp~.-- _l,.- a.L._'-,~., ,',C,t- -- ~a ~ ..=.H'-'-- eeL. - -.,=>. Illw:nina-c.ion, 

water tewperature and air te~?erature were t~ee p~ysical 

Parili~eters me2sured in this D~oiect to deteIT~in2stre~~- ..... 
<, 

"' - .) 
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environ~ent cnange~ DeWitt (1968) and Darn (1969) studied


the availa~le infoDnatio~ for these factors and found a


drwuatic cnange after road constructio~o Because of the


importance of these factors in determining insect populations


and because of their.significant change after road construction,


further discussion is warrantedo


Illill~ination at the water surface was dete~iained with


a suhuarine photometer before and after road constructioDo


Spot measurements of illumination were made along the entire


length of the study and control stre~ms on clear days between


1100 and 1300 hours PST.

-


Radiation data for 1965 indicated that the amount of


light re~ching both forks was about the s~ue before road


construction. !1axim~~n photometer readings of around 8,000


microampers were noted at only 2 stations on the north fork


(project control) in 19681 while 29 such readings were


observed on the south fork where the road was builto This


was a fivefold increase in illwuination and can be attributed


to cover remov21 (DeWitt: 1968)0


South fork swuraer wa~er tem9~r2ture also increased after


road COl1.s>cruc.t.ion. Before road constructioDJ most S~TImer 

m.aximurns Here 60oP.. in bot.h forks. After road building; the 

>' - '- - . , ,. 
souc.n !:orK ~:::=eque~1"c.l.Yexperlenc8a approacr12ng 7O

OFmaX:i..r:mms
 ..


'-" os?- ,.,.,,,,,,-,~,,, ~ -~
Tle e aOO--'" ,..0°","'. /I and SOLle stations sDO';.led;,'1 '" ~"l.;..<~..t.",\..C,,;:, . V c; 0
,'.!. 

0 
increases of as much as 20 Fo (Dor:::.1 1969) Darn Has able ..


to co::=relate all increases in Hat.;~:c te:nperature ;1th cover 

re:-noval.


~ 

." 

.; 
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Air temperatures also increased after road construction;


but the bUffering action of the large forested areas still


remainingi kept these i~creases substantially below those


observed for water te3p8rature~


For other physical data such as precipitation, stre~~


flow, rate of sediment deposit, etc., I refer the reader to


the Pacific Southwest Forest and Experimental Station Progress


Reports. DeWitt in his p~nual Report for 1968 gives the


best available information on cha~ges occurring since road


construction.


"

'\


0 



HI-::'I'HCDS AT:;jD ~'l.?;l'ERIALS 

Insects dropping to the stream surface of the South 

Fork of Caspar Cree}~';le:-:e collect.ed surnn.1ersduring the of 

1966 and 1968. The 1966 collection was from an undisturbed 

habitat while the 1968 collection was made after a logging 

road had been constructed through the area the previous year. 

Drop Box Insects 

UDrop Doxes II ,/lere used to collec'c the insec'cs falling 

into the s'creaIn" Each box is 3 feet by 3 feet and is filled 

v7ith v7ater and appropriate che!nicals to capture all insects 

that corne in C01YCact '.'lith i..'cssurface. This appears to be 

the first study in which this technique has been used for 

obtaining quantitative results. 

f!Drop insec"'cIjrefers to any insecJc entering the strea..ru. 

from air or land. Thus; while other investigators have 

\"


~""''" IJ", O~ ~Y"1C'ectc01'"1c-io. e.A :>~11'IJ- 'o '-""'~'" J,.o 'ho U 'Y'.;'"" C'1I {-1""\'; s_.u- ~.:.. '-'" Ci.' I . D leco .:. '--<;:;;...0.\... .w-.;;; c<."" al ,- 0> , il ,,""-..J.. 

paper \'Jillconsider them to be lidrop insects II, since they


are reintroduced into the strea..~ from the land.


Field ?rocedure 

'I'hedrop-boxes \'7ereplac8d direcJcly in 'c"he st:::e2In: 

adjacenJc to the s'ca'cion marker from \'1:1.ic11. the colled:.ions 

were report.8d * I:: U1e:ce \.12.S cr:.ouc;h '-'later in the strca..rn to 

move t"he drop-boxes: t"hey were placed on rOCKS to elevate 

them above the Hat.e:::- * 

http:strea..ru
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Prior to each collect.iorlithe roxes vle-.::e clecmed 

completely: and the solutio~s changedQ In 1966 a capful of 

mineral oil \'laS added t:~ a fo:cma~in-,":jatersolution to collect. 

. J..

~n.secL.S. In. 1968 'c1l.e fo:cm.alin \'7as eliminated, since the 

mineral oil proved adeq~ate for the capture of all insects 

falling into the drop-boxQ However; it \vas found that if 

the insects remained in the mineral oil samples longer than


a single day, they becarneheavily infes'ced "lith a fungus 

(Saproleania sPQ).
"'---= ­
The insects were removed from the dro?-box wit.h a


small-mesh nylon aq~arilliTInet; constructed so that the 
----

insects could be skiITDed off the collecting solution. 'l"'he 

insects were then removedwith forc8Ds and put into- ...


col~ecting jars containinga 70 percent solutionof ethyl ,


alchohol.


The drop-box co~lection made prior to road building


(1966) was taken opposite station Darkers 9, 2O, 3O, 44, 57,


70 and 73. The drop-box collection made after road


construction (1968) was not made at particular stations,


but was taken randomly along the entire stream.


rne lenath of the collectina period varied with the
~- J ~
J 

collectorQ In 1966, s~~ples gene~ally represented one day 

of collec'cin9Jr,-lhiL::: in 1968 sa:ni)les rep~esented 0:1e to four 

days. of collecting. A su~~ary of the sili~plingdata is 

presented in Table 1. 

'" 
./ 
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Table 1.	 A s~mary of the d~op-box s~~pling procedures for

the South For]\: of Caspar Cree}\:.


1966 Drop	 Box Collection-­
I) Smnpling season: VI/Il - VIII/12/66

2) Number of s~~Dles collected: 69

3) Total s~~pling days: 75

4) Length of sfuuplingperiods: 1 to 2 days


-~


1968	Drop Box Collection-- ­


1) Sfuuplingseason: Vr/24 - VIII/26/68

2) NIEuberof samples collected: 62

3) Total s~~pling days: 126

4) Length of swupling periods: 1 to 4 days


.-----­


~. 

" 
-./ 
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Laboratory Procedure


All insects in the 1966 and 1968 drop collections ~7ere


'

J.a~=n~~r-~ed to T~~i' U.~i~- Porro~'~~ d DeT.o~ 'Oor~


1 ~ I..-,- _CU.'--; y ""---'::J ~ -- c;..;.- - -~g ( -~ - ) 
.. 

Confin~ations were made in C~rran (1965). Arnett (1968).


and Peterson (1959 and 1960).


Insects v7hich cou~d not be keyed to f~~i1y because


diagnostic parts were missing were keyed to order ~~d put 

under the heading" lIunidentifiab1e IIQ Insect parts that 

could not be keyed to order were put in a group called 

II fragments II and' "\.veremerely \veighed..


After identification of all insect fillailiesin a single 

sample; the fm~ilies were dried for two to four days and 

vleighed" Two to four days was found to be adequate for 

obta~ning constant weights.. Weighings were carried out on ,


ananalycical balance; to the nearest ten-'chousandthof a


grarn (.0001)..


/" 

"' 
~ 



RESULt:;:"'.:; 

The 1966 insec~ col~ec~io~ was the result of 75 days 

s~~p1ing7 the 1968 collection of 126 days s&~plingw me 

total nlliuDer of keyed insects in the 1966 collectionwas 

2,494, and in the 1968 collection 7J941. The aveTage number 

of insects collected a~ one location for one day, knO\~1 as 

per siliTIplingday (hereafte= referred to as Pwswdw): was 

33w3 for 1966, and 63.0 for 196~.' Tnus the 1968 collection


shows a nearlv twofold (1~8) Dws.d. increase over the 1966
~ . ~


collection. Tne average weight of insects p.s.d. for 1966


was ,21.2 milligr&~S7 for 1968 it \7&S 35.7 milligr~us. ~TIis

~

\


is again a nearly ~vofold (1.7) increase in weight p.s.d.


These results and other iwportant information about the


t\Vo insect collections are s~illarized in Table 2.


~
~ ~p~t'~pn 19 r ~~A 1Qro8. D-o'o Co11e~~in-'S
- - --- e~ v~-Q _. '-"--- ::.:..:: -­
Order Di¥~ e~- ".ce-s O~QO~~ "-'-'-"- ~- J =--oo .::.;.:..:.;:::~ - ~-~ l­


~~ analysis by order of the nG~bers and weights of insects


collected p.s.d. and their contribution to the total nmaDer


and weight of insects for the years 1966 and 1968 is given


in Table 3. From this table it can be seen that in 1968 all


orders except Eymenoptera, Neuro?tera and Thysanoptera


differed marke<;Uy fror.11966 in either number or Heigh-:: 

(or b~th) of insec~s P.SgQQ


A brief revieu cf -t112.S~c.able sho-"m t~-:atDip-cera had the


-
 ~O reates ~ ~~ a- os ~ 
S ~~~i~i-~~~ ~- c -=~ s Q ( ~, i ns Q~~Q i~-' L. c,,,- H. ""':;"J ~'-''-U~ J.U ,,-,-co. '" "''''. 5 - '-" ) ...u 
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Table 2. A sur,l.:l\cXV bv nLl.:-:1bers and 'i,'7eights of the 1966 
(befo~e road) and 1968 (after road) collections. 

1966 Collection (before road)

1 ) rro ';--,1 D,..,.,-,,'De r O 'f' J.°nc'6 C 

>--
S Q 2 Lt°4- ~a.- -'-'-'.. - -- --'-"'- '- Q I -~ ­

2) Total weight (dry) of insects: 
~ ~ ~ 0 L ° . ~


~ ) NiUffiDer OI J.Mua~ure J.nsec~s: 1~


4) Number of s~lpling days: 75


18587.1 illg

5


5) AveracceI,:urr.ber of - da y ;insects Der sa;.uplino' 33.25

J - J 

6) Average Weight of insects per s~npling day: 21.16 mg 

19 60v -Co l l e- c ~~ o ~ ( ~'f'~or ~ O ~A- '--~-- ~,-'-'-- - ~.'-'-) 
1 ) rro ~~ l n"~~~r O 'f' i~~~~~~o _7 O~l- - ""0.. --~".;..J'-- - -~.;.i:>t:'-'-::>v /I ;;J -­
2) Total weignt (dry) of insects: 
3) NlITlDerof i~uature insects: 211 

~4 O 'f' D lin ~ a \J ~Q 1 2 

41497.0 illg


N"M~o~ c~m o'" - ) ..,,-,-,,..vc- - 0:>=..", g U. -::> Q ­
\5) Average N~~ber of insectsper s~~plingday: 63.02 
6) Average ~yeight of insects per sa;.~pling day: 35..69 rag 

Combined

-1 ) 
2) 

Collections

m o !_~ l "","m') Cr.I. ' ..v J <;;­
rro ~ a l T'le i o"~""" - '- - v -J..l.. 
.~. 

(1965 and 1968)

0 -:= i :" se '-"o-.~ 0 1 O f,. ':J~ -- -".;. ,-,-::0. - I .'-'-' 

"'!"\1 0 .;= i:""~ e '""'~s o
(Co ) - --.::> '-'-. r 

O OQLc 1 ,.,,'"II '-'-.- 4..,:;: 
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v 

Table 3" Drop box collect-lons for 1966 and to the Order1968 S1..11TLT.TIG1xized ShOH 
contribut.ion by numbers and \vcj.gh:S-s" 

---' 

onDER


,--~ 

COLEOP'rEIA 

co J::.,I,El1J30Il.\


D:CP'rERL 

}:;PHDI.IEHOP'l'ERA 

F(mlIP'EERA


H01/lopr.CERA


::XYl'.lEt"!OPTE!.lA 

I.EP :CDOP',l'ERA

.


NEUROP'l'ElA


ORrrllOJ?TEIA 

PLECOPTEnA


(p.s.d,,::: per scunplj.ng day::::-= ~ '-~--='._---­
,--" ."_. - . ~-­

1966 (BEFOHE)


Number

p" s . d. % 'ro't 

~.~ 

3.1 9 G11.%


,,1 ,,2%


20,,0 60,,1%


,,5 '].,,4%


,,7 2,,2%


1,,9 5.7%


,,8 2,,5%


,,3 .8%


.,2 .,6%


.2 .5%


.7 2.1%


\\Teight: (mg) 
p.s"d. % 'l'ot 

. " ._.~_u_-.­

2.3 mg	 10,,9%


,,0mg ,,0%


6.5 mg	 30.8%


.J. ffi9 ,,6%


,,5 mg 2,,2%


,,7 mg 3,,1%


,,5 mg 2..4%


4,,1 mg 19.5%


,,1mg ,,3%


2,,5 mg 11,,7%


.5 mg 2..3%


per square yard)
,---~----­
~ ... -~ ~ ~ 

1968 (AFTER)


Number 'Je:Lght. 
p..s.d" % To'c p.s"d" 

1..7 208% 3.9 mg


.,3


51..5


2..4

(


1,,0


1,,1


..5


,,2


..1


..0


..2


.5% ,,0 n:.g


81,,7% 8.9 mg


3.8% ,,8 mg'


1.,6% 6.9 mg


1,,8% .,3 mg


..8% .,9 mg


,.4% 1.1 mg


,,2% .0 mg


.,0°/10 2..0 mg


"',,/

.. .) 10 .,2 mg


-- .­

(mg)
% rrot. 
--
11.0% 

"O/ 

2501% 

2,,3% 

19.4% 

N 
.-' 

1,,0% 

2,,7% 

3,,2% 

"1M10 

5,,6% 

.6% 



. Table 

-
3.. 

, 

(Con/d,,) 

. ­
.<. 

\ 1966 (BEIJ'OHE) 1968 (AF'TER) 

OnDEl'~ Number 
p.sed" % Tot 

\Voight 
p"s"d.. 

, 

(mg) 
% Tot 

-. 

Number 
p..s "d.. % 'l'ot 

Weight 
p"s"d" 

(mg) 
% Tot 

- ~-~-~-~ 

PsocoprJ.1))J.\. 2,,8 8 .E>% .2 mg 1.1% 105 2.4% 1 mg ,,2% 

tJ.tHY,Si-iI'JOPCEHA .1 ,,11% .0 mg O°/'" ,'-' ..2 .4% ,,0 mg' ,,0% 

n< ICHOj?'X'E:H.A ,,5 1.6% .2 mg ..8% 100 1..6%' 9 ..8 1'n9" 27..8% 

IN,S ECL' J:t'.IAG:.!.EN'J:' S 

N OJ.\!" n:r 8E C'l' 

AJ.ACHL:m 

.1 

1.3 

..2% 

3,,9% 

..0 rng 

3 ,,1 mJ 

,,1% 

14..6% 
! 
! 

..4 

,,8 

6f)/.. 10 

1.3% 

..2 mg' 

,,5rng 

. S% 

1.3% 

rv 
rv 

-'--' .---. 

.: ',r.::'1'0'1' AL 33.3 100.1% 21.2 mg 10003% 63..0 100.1% 35.7 mg 100.8% 
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numbers p"s"d" Diptera also constituted 82 percent of the


'

~Tisec ~p ~eve~ i~ L~O 19Sn O~rn' o col1cc~i~ n ~"i~ c-e~~se O~

-'-. L.c:> ,'. .. '-'-_H ,-..'V 0 "-"'.. --'-" '-_v II Q... -'J. J. Q -'­


30 percent from 1966. Boweverg Tricnoptera showed the


most significant change in weight pos.d. Trichopterans in


increasing 9,,6mg" 9"s.0. rose from a.contribution of less


than 1 percen'c of the \'leigh'cof 1966 insects 'co 28 percent 

of the ~-Jeightof 1968 insect.s" This change was significant 

because the total weicht increase of all insects from 1966-'


to 1968 '>7asonly 14,,5 mg. p.s"d.


hnalvsis to Femilv Level 

The cOI":lbilledcollect.ions cOD:te.ined 146 diffe::-ent: 

f~ui1ies of insects. Arachnidg Dip1opOQ2: Chilopoda;


unid,entifio.ble insect:s J and i:'lsect frag-:,1en'csare also
.,

".'


included in the tabule:tiol1. A list.ing of all families


identified; their numbers and weight p.s"d.iI their respective

,'..'.


",'''''/"C>T> C
r~~" ks by n.",;,'De -" ~n d T'-~'; G.'hJ- "'-"-; L1-,,,,dr .oe "t'c -~,.,J-O --'C ''''''''


0... hu'c" ~ 0..- vl>O:: ,uL.j U-J._'-'- L ~ - e.,,- 0...;< ~...c:-. ';;:; 

for the 1966 and 1968 collections is Given in Table 4.
-'


The 1966 collection contained 109 insect fauilies.


Compared to this collection the 1968 contained 114 insect


familieso Of the insect fQJiliesJ 78 occurred both in 1966

~/


and 1968; and 68 occurred in one year or the other.


*.:.. , The rec.der shouJ.d not co:-",pare"the 19S6 and 1958 
collectionsby perce:-j,"casrc occurrencebecause the leng'ch 
of collecting periods in,days was different for eacl'l


year: s sa::nples
 ~ 

~. 

) 



* ** 
Table 4. Family analysis 

and 1968 insect 
by number, weightc and percent 
drop-box collect:i.ons" 

(p"s"d,,=pe:.: samJ?lil1g>~day::: per
-'-'-~-­

,---~--~ 

occurrencet 

square yard) 
-, 

for the 1966 

'­
,-_._. 

\ 

1966 (DEFORE) 
% 

1968 (l\1)'TER) 
% 

FbJVlILY 
~~!:'lli\2?Q.E. 

\'1e:tcrht:L--- Occurr­
ence 

!i1'~g:r.:. ~ e ~5Ql.~. Occurr­
ence 

.-­ -,' 

p"s.d. 
'--'-

RanJ< p"8,,d. HanJ<. p"s"d. 
----..-------­

Rank P.8"0.,, Rank 
,--, ', '­

'j 

. 

COLEOP'J.'ERA 
hnobiid.Cle 
Ca.n'chEl:o::-:t0ae 
Cc".rab:Lduc 
CC:-c.mbyc.'idae 
Ch,1':-yso!tlel:i.d0.e 
C:I.r.>idae 

Clcr:i.c).c.e 
C:occ:i.n ellj.dcH: 
Colyc1:L:i.dae 

C:'.:yptophB.g:Lc1c.e 
Cucuj:LdC'\o 
Cl1.1:-cu1:Loni(ac 
DcrmcGt::Ldae 
Dryop:i.dae 
Dytisc:i.dae 
Elutc:cdC1e 

Elrniclae 
_.,_._-<---_._-,., 

3.1 
,,07 

,,23 
-
n ....-. .OJ. 
Ol 

.01 
. 

-

,,16 
-
-
-. 

,,04-
,,09 
,,29-. 

(5:-{) 

(24) 

(t.!4) 

(88) 
(88) 
(88) 

r 

-

(30) 
_. 

-
-

(64)-
(116) 
(21) 

--

2.3 mg 1,,7 
,,051 mg (53) 4,,3% ,,01 
"J.51 mg (25) 14.5% ,,08 
- - - ,,02 

,,048 mg (54) 8,,7% ,,02 

,,063 mg' (45) 1,,5% ,,02 

..003 mg (92) J.,,5% om 

,,072 IYlg (;!,O) 1,,5% I -
- .. i 02- , " . 

- - - ,,01 
,,037 mg' (57) 7..2% ,,02 
- - - ,,01 
u - ,,02 
- .. - ..01 

,,053mg (51) 2,,9% -- - .. ,,10 
.097 mg" (34) .2,,9% -
.140 mg (29) 1L!. t:<" ..21.., . -" J/O-,---_._,------_._-_.-_._-----" 

(98) 
(43) 
(86) 
(86) 
(74) 
-

(74) 
(98) 
(86) 
(98) 
(74) 
(98) 
-

(37)-
(29) --

3.9 fOg 
.003 mg (98) 

.040 rng (55) 

.006 rng (84) 
,,002 mg (103) 

,,098 mg (33)- -
,,043.mg (52) 
,,006 mg (8G) 
,,001 mg. (l:LJ.) 

..003 rl1g (93) 

.054 mg (45) 
,,006 rog (86) 
- -

3.267 mg (3)- -
,,045 mg (50)
.. " 

106% 
9.7% 
3,,2% 
3.2% 
3.2%-
4. 87s 

1.6% 
3.2% 
106% 
4.8% 
1.6% 
-

9.7% .­
11,,3% 

!\..) . 

'(V7o:Lghings to "I mC]$ the las'i.-, t\"O f:Lg1).17es arc fJ:-om mat.hemat.:Lcal calculat.:Lol1" 

~"\':Percent occurrence 
length of sampling 

(Before 
periods 

a.no. Aft,er) should l1o.t 
before and aftsr road 

be compared due to the difference in 
construction" 



- - - - -

'I'abl e 4. ( Con t d. ) 
.-- r':;'\. -.: .------­

, ~ , ~O.~~ 

'1966 (DEForm) J.968 (AP'l'ER) 
% % 

Fh~"lILY N~m.£§':£ ~Y2J:SI1~'s. Occurx'- 1~u~?c:f. YJ°~.91:<S. Occurr­
once ence


p.. s "d .. Ranl: p"s"c1. RanI'\: p" s "0.,, RanJ( p. s .cl" l1a.nI< 
~"~~U"~"'~"-'''~--~--'-'' ~-" '~-'---' " ._~ , ., ~--,---­

EJ:otyl:Ldv.e .OJ. (88) ,,011 mg (74) 1,,5%

Eucrlemidae .03 (72) .340 mg (12) 2.9%

).;;u.91onid2tc - U' - - - "OJ. (98) ,,000 mg (119) 1,,6%

Gy:c :J..n:Lci;(e . - - ou - "OJ. (98) ,,033 mg (58) 1,,6%


.... .IIYL.1.'op'h:i, J. :Ld2,O .03 (72) .08S rng (3'7) 2..9% - .... .­
:C'i)'ch:;::LC,:i.:Ldi.l.c ,,13 (38) ,,011 mg ('I t1.) 3.° u 1% ..04 (59) .005 mg (89) 8"J.% 
Lo:Loc1:Ldae ,,0::: (72) .016 1110' (68) 209% - - - - u. tV 

LcptocJ.:;.:r.:':Lc"1C10 .. 0'/ .),) .028 mg (61) ,,04, ,,006 mg- (84) 
Ul

( r"") 5,,8% (59) 8..J.% 
J ' )' .J:U,'liH,)x'. )"UC18 "OJ. (88) ,,000 mg (108) 1,,5% I ,,;1,4' (16) .026 mg (6S) 2206% 
Lyc:J.du.c ,,01 (88) ,,070 rng (41) 1,,5% 

I -., . - ­
I'.le].ancJryidae .01 (88) .019 rns; (65) -1 ".);0 - - - ­r;",,/ 

1.'1.0:(0.011 :i,dc'l8 ,,03 (72) ,,016 lng' (68) 209% ,,05 (53) ,,024 mg (67) 6..5%

Ni 'i.::Lcl.ul:i.dae .. Oi},. (64) ,,011 ng (74) 4,,3'} ,,01 (9B) ,,000 mg (119) 1,,6%

Or'l:.hopoj::Ldac ,,01 (88) ,,000 mg (108) 1..5%

Pselo.ph:tdclc ,,01 (88) ,,000 msr (108) 1,,5%

PGcphcn:i.dae ,,01 (8[3) ,,004 rag (87) J...5%

Pt:Lli:tdao .12 (41) ,,001 mg (97) 5,,8%

Hh:i.zophC:lgic2ac ..01 (D8) ,,001 mg" (97) 105% - - -.

Sca:ca.bLle:d0e ,,04 (64) ..378 mg (10) 2 ,,/Oo'v - - - - . ­

S colyt: :Ld28 .03 (72) .013 mg (56) 2..9% .15 (33) .145 rog (26) 19..4%

SiJ.ph:1.dac .03 (72) ..017 mg- (67) 2,,9%

staphyl:Lnidae 1..39 (7) ..354 mg (11) 42,,0% ,,38 (19) .060 mg (41) 38..7%

'I'ene}))': 10nio.110 ,,01 (88) ,,176 mg (22) 105% - - - - ­

rl'hror:3c:!.dao .. 03 (72 ) .. 016 Ift<J (68) 2,,9% .04 (59) ..027 mg (64) 8..1%




'J.'abJ.e 40 (Con/do) 
'___m


, ~.."-- ~-, -' '".--''' -. ~


1966 (BEJ?Ol1E) 1968 (AF'EER)
% % 

F L:JiiILY Nurnbcr Occurr- vJe:Laht Occurr­--- ~:s{lt~ !3.Bmbe~ -~-",!......­
ence ence


p.s.do Ran.J.c po sod 0 Rcm.J<: p" s "<1,, RcmJc posod. RanJc

"~'~'''''''4'>__d'_~,,_--, ~_.,., , ~ =,.~---, '''--------­


Unidentifiable Col,,- ,- - - - ,,04 (59) 0003 mg (93) 8.1% 

Cor,LEL,lD01.l\. 01 00 1YIg 03 .0 mg 
L<.:n'l'.omob''Yidae ,,07 (53) .000 mg (108) 7.2% ,,27 (27) ,,002 mg (99) 3309% 
Po:;u!;; aao ,,01 (88) c000 lTFJ (:1,08) 105% - - -. - on 
E.li\inJdlU,r idae - .. - - - 002 (86) .000 mg' (119) 106%


tV 
(JI
DIP'l'gLU\, 20.0 605 51,,5 8.9 

ASJjon(\{z:i.dae 001 (88) 0005 mg (84) 1.5% I 
!'- .0 ­

An.t:homyi:i.dae .08 (50) ..201 mg (19) 702% 002 (86) .070 mg (37) 3.2% 
hsi.1.:Lc:tao 003 (72) ..137 rng (30) 2.0% .OS (53) 0306 mg (17) 6,,5% 
Bib:i.onic1c)o .17 (26) 0.168 mg (23) 10.1% ,,02 (8G) .013 mg (75) 302% 

... - - -u
Bomb:\(Liide.c .01 (98) 0005 mg (f:39) 1,,6%

C(.!,no.ceida.c ,,01 (8(3) .004 mg (e7)' . . ,.1/'"
1 1"0/ - - - - -


Ccc:i,dofCiy:i.idae 3099 (2 ) "° 3 6 JJ\g (t,8 ; I\ 60 .. Got/,' 2.87 (2 ) .052 mg (46) 79,,0%

Ce:c atopoSfoni.o ae .15 ()?) ,,019 mg (65) 15,,9% ,,72 (11) ,,047 mg (110) 58.1%
)...J "U 

ChC1.lTw.emy:Lid.a.e - . - - ,,05 (53) .002 mg (J.03) 9.7%

Ch :i.J:onol:1:i. d ao 2.17 (4) ,,055 rag (49) 79,,7% 34,,53 (1) 2.127 mg (;:,) 98,,4%

Ch.l.o:cop.i.C)ac .04 (64) ,,005 mg (84,) 1,,5% 0.. -. .. - -

CocJ.op:i.dac .12 (41) .053 mg (51) 8,,7% ,,04 (59) ,,010 mg (79) 8..1%


,, -
Cul:Lcidae .* - - ,,03 (69) ..011mg (77) 6.5%

DixicJ.C1.e - - - - - "JA"(35) ,,043 mg (52) 220G%

Dol j, chopochcJ.a8 1.37 (8) 1.991 mg (8) 24.6% .68 (12) .176 mg (2O) 58.1%

Ernpic1.idae 1,,72 (5) ..405 rag (9) 58..0% 2050 (4) ,,923 mg ('7) 91.. 9'%




'l'a.ble 4. (Con rd.) 
" ,-~--,-~-~.__. ,.. "~--­

0'0_,,' '---~' --- - -.-­ -

\ 1966 (BE:Ii'ORE) 
% 

1968 (Aft"rER) 
% 

I."AMILY 

p.s.d. 

Number
" 

We~.crht..,.o !_,«-. 

Ra.nJ.( p. s . d 0 HanJ<. 

Occurl.-­
enC0 

Number~. 

p . sod" R2U1)C 

~1sJ.}]~ 

p.s"d. Rank 

Occurr­
ence' 

,---'-' ~ ,, ~, 

'"j 

Ephydr:Lc1ac 
Nusci()ac 
1'.jycetoph:t1::.dae 
Vl,o ,'.:-:1.<.:1(:,8 

P :Lt'i\.1rLCUJ. 5.dae 
p syc;h()cU<.1(;c 
Rhi)JJ :i.on:'. 0.o.e 
Sa).'copl1c.g ::.c1c:.t0 
SCe) 'c.ops ).<3u.e. 
Sc :I..:.. :i.(<:.te 

S:i.rnul i :Ld<.:e. 
SphiJ.ot.o cc:':L c1.CiO 
St:1:'0.t:i.omyidc.e 
Syr-phic1u.c 
'1' <::\C11:;..n:t (1ae 

roC';i.puJ. :LdCi.8 

'1.'2::Lchocer 5.dae 
Un:Lclcntifiable 

4.3J. 
1,,17 

060 
.co 
.05 .'2 '/ 

..17 
. 

.03 
1.,72 

016 
.08 

. 

004 
..11 
..79 
,,01 

D:i.po 03 

(1) 
(JO) 
(lt1 ) 
(14) 
(57) 
(22) 
(6)-
('/2) 

()) 
(30) 
(50) 
.­

(6) 
(44) 
(11) 
(88) 
(72) 

.999 mg 
1,,005 rng 

.. 185 )'Gg 

.,069 mg 

.025' mg 
0005 rng 
,,152 mg-
..01.?!\lg­
00'17 mg 
,,003 mg 
c 0J.2 mg'-
..150 mg 
..297 mg 
..440 mg 
,,004 mg 
,,001 mg 

, (6) 
( 5) 

(20) 
(LI?) 'l.1 

(63) 
(84) 
( 2Li) '.-
(72) 
( 38) 
(92) 
(72)-
(25) 
(13) 

(8) 
(87) 
(97) 

6502% 
500 7% 
3901% 
..,1 Or>/,)" >it.' 

508% 
24,,6% 
1 f) °%.., 0:; D-

2..9% 
7 G,,8% 
J.1.,6% 

8.,7%-
4..3% 
5,,8% 

49..3% 
105% 
'L3% 

2,,68 
028 
044: 
046 
001 
002 
.,25 

02',I 

I "OJ. 
2.07 

042 
017
.,03 
001 
,,06 

2050-
.37 

(3) 
(26) 
(17) 
(15) 
(9G) 
(711) 
(28) 
(74) 
(98) 

(6) 
('i8) 
(31) 
(69) 
(98) 
U)l) 

(4)
OQ 

(20) 

.840 mg 

.719 mg 
,,174 rng 
0033 mg 
..002 mg 
..001 mg 
0577 mg 
" 13 3 rng 
,,002 mg 
0153 mg 
,,017 mg 
..039 mg 
.124 mg, 
.017 mg 
0420 mg 

1,,791 mg-
..042 mg 

(8) 
(11) 
(21) 
(58) 

(103) 
(11J.) 

(12) 
(27) 
(99) 
(23) 
('71) 
(56) 
(29) 
(69) 
(14) 

(6)-
(54) 

80.6% 
37.1% 
53.2;[, 
'43.5% 
106% 
4.8% 

27.4% 
4:,,8% 
106% 

80,,6% 
4).. 2'% 
24..2% 

4..8% 
1..6% 

11.,3% 
85,,5%-
33.,0% 

N 
-..j 

EPBEi!jjE()prI'IIA 
.. Bo.et:.:Ldae. 

Epherne:i.':J.clae 
HcptaS)cn:Lidae 
Unic1.ent:LfiCl.ble 

05 
..37 -
..08 

Eph.,. 

(19)-
(50),-

,,1 
,,060-
,,067-

mg 
rng 

mg 

(47)
-" 

(44)-
27,,5%-

7.2%-

2..4 
1017 (8)

,,06 (46) 
,,37 (20)
.,76 (10) 

..8 

.235 

.,057 

.,376 

..160 

mg 
mg 
mg' 
mg 
mg 

(18) 
(43) 
(15) 
(22) 

72.6/" 
9.7% 

30.6% 
62.,9% 



'rable 4:" ( Con! cJ. ) 

,---­ ,---, '~",~ -~. ",--­ -,-

FAt,'lILY 

1966 

Nu.I!~b?£, 

p"s.<L l~anJc p" 
, 

(l3l~FOnE) 

\;,.7c:i. crht.-,..~-;...;_.__. 

s " d " Ra.nJc 
- '4 , 

% 
Occun:­
ence 

Nu.mber--~­
po s "do HanJ<;, 

,--, 

1968 (z.'iF'I'ER) 

\'7e.1912~ 

p .. s "d. l~ank 
-~ 

% 
Occurr­

ence 

~--.­

' 

HEI,l:cprl'EnA 
jl,J)tl1.oco::..lcJa0 
AY:ad:i.d C',e 
Co lC:L:::)coCO]::Ldae 
Gon :Ldae 
:r,yg (;t( i.due 
]\l:i. J' :t c1 Ft C 

Pcntatom:i.cl.ac 
S alc{ :;.(1D.C 
Ve1i:i.c!.iJ.G 
Urddcil'l.::I.f:Lab1c 

.7 

.03 
,,07-
.,03 

or". J 

.39 
,,01 
.01-

Hem.15 

(72) 
(56)-
en) 
(57 ) 
(:W) 
(88) 
(88)-
(33) 

.5 

.033 

.063-

.241 
,,020 
.096 
0001 
,,008-
.001 

mg 
mg 
mg 

mg 
rng 
mg 
mg 
mg 

rng 

(59) 
(15)-
(J.7) 
(61,) 
(35) 
(97) 
(8J.)-
(97) 

/..,9% 
7.,2%-
209% 
5,,8% 

36,,2% 
1 h".'." )/<J 

1,,5%-
lL1o5% 

1..0 

.01 (98) 
,,34 (23) 
001 (98) 

11:' (33 )" ..::> 
,,02', (86)

I . 
(23)f ..34.,06 (46) 

.10 (41) 

6.9 

.002 
6.,387 

.009 
,,099 
,,004 
,,331 
,,011 
.016 

mg 

J1\'g (103) 
rag (2) 
r(\g' (80) 
me} (32 ) 
mg (91) 

mg (J.6) 
mg (77) 
mg en) 

1 " S'/ 
3701% 

1,,6% 
24. 2'j 

3.2% 
27,,4% 
1J..3% 
16,,1% 

tV 
CD 

HOt'10P'J:'EHA 1.9 
AchiJ.idae -
A.phi.d:i.dD..e .63 
Cicade.l.. Li.dcte ,,71 
Cix.:j_(2ue ,,05 
Delp1Jaciclae -
l'1arga.1::'odidae .. 
Memb:'CJ.cidv.e .01 
Phyl1oxe:tc1ae -
Psyllidae .45 
Unidentifiable HOffi.01 

-
(13) 
(12) 
(57)-
-

(88)-
(17) 
(64) 

.7 mg-

.032 mg 
,,123 rng 
".143 rng.. 
.. 

.073 mg-

.,279 mg 

.000 mg 

- -
(60) 43.,5% 
(31) 49,,3% 
(27) 4,,3%- -
- -

(39-) 1,,5%- -
( 14) 27" 5% 

(108) 4.3% 

1.1
,,01 (98) 
,,54 (14) 
,,34 (23)
"os (53) 
,,10 (37)
.01 (98)- -
,,04 (59)- -
(>02 (74) 

..3 
,,033 
.,017 
,,117 
,,146 
.032 
.000-
.,000-
.000 

mg 
mg 
mg 
mg 
mg 
mg 
mg 

mg 

mg 

(60) 
( 6) 
(30) 
(25) 
(61) 

(119)-
(119)-
(119) 

1.,6% 
59.7% 
46,,8% 

9.7% 
16.1% 

1.6% .. 
8.1%-
3.2% 



- - - - -

~('Clble4. (Con rd. ) 
------. ' '."0 

,.,~--- -..,-. ---... ­
,
\ 1966 (BEFORE) 1968 (AFTE.).)

% % 
Ii'N"iILY Nurn'ber IVe :.~s:lI~ Occurr- N ~}!!.1l~C?:~ VIeigl'.'c Occurr­

ence once 
p.s.d. Rank p.EJ.d. Ran)e posod. Rank pos.d. Rank 

---.- '---- " , -..---.------.- -­

BY}'.:E N 0 P 'J.'EIV). .8 .5 mg 05 .9 mSJ 
lp:i.cJ.a.e .01 (88) .256 Tl1SS (16) 1.5% - - ­
13:r;',;1.conidi:.:.e . 0°:;I (:G) .009 mg ('7r:3) 10.1% .06 (46) .028 mg (63) 12.9%

Ce:c ('t')}I.)::onidae .01 (88) .001 mg (97) 1.5% . .- .- - .-

Cyn:i.p:ldae .. 0')..J (7?) .. 009 )(tg (78) 2.9% ..01 (93) .002 mS) (103) 1.6%

D:i.D.p:c:i.:Lde.e . .03 (72) .. 003 In9' (92) 2.9% _ . - .- ­

D.:cy1nic1ae .01 (GB) . 001 w;; (97) 1.5% .02 (86) 3.2% IV.001 mg (111) 1.0
E J.(l E.:nl:Ld, e .01 (r..")00 .000 rng' (108) 1..5% - - - - ­

En cy:c;:::L (:1a e .13 (38) .. 00"1 rng (82) 13. 0% I or.: ( ..,,) .J:'> .002 mg' (103) 9.7%
(. ,;:)

EuJ.oph:Lc3.ac ..04 (64) .001 mg (97) 4.3% .04 (59) .000 mg (119) 8.1%

Eurytornielcte - ' ... ... .- .- .04.. (59) .003 mg (93) 408%

l"oL'fidc:J.dae 1?
. ....., (1).1) .111 mg (32) 7.2% ,,07 (4:4) .093 n1g (34) 11.3%

IchncUrtlon:Ldc:.c .19 (25) ..071 l'\'\(J (41) 15.9% ,,11 (36) ,,062 mg «\.0). 19.4%

r.IY:'\a.J::tdae .01 (88) ..000 mg (lOB), 1..5% ,,02 (74) ,,002 mg' (99) 4.8%

p :"oct()t:):1J,p.dG.e .01 (88) .003 mg (92) 1,,5% .01 (98) ..002 11\g (l03) 1.6%

P'ccromal:Ldao . 0'-;:) (57) ,,003mg (92) 5.8% ,,07 (44) ,,006 mg (8G) 12.9)6

'I'ory:rd.c)(.1.e .. or-:) (57) .001 mg (97) 5,,8% .01 (98) ,,001 mg (111) 1.6%

Ve,c;pidae - - - - - 002 (74) ..737 mg (10) 4.8%

UnJ..den..;::Lfiable Hym" OJ (72) ,,000 mg (108) 2,,9% - -. - - -

LEl? IDOP'l'ERA .3 4..2. mg ..2 1,,1 mg
l\x:cti:Ldae -- - -. - - ,,02 (74) 0031 mg (62) 4.8% 
G:Lt:hcron:L idf.J.e .. - .- - .. ,,01 (98) .125 mg (28) 1.6% 
GeoJnc:ty.'idv.e .09 (46) .543 mg (7) 8,,7% ,,06 (51) .075 rng (35) 8,,1% 
Glyphiptcrygidae ,,01. (98) .003 l1'\g (93) 1.6% 

http:.-.-.04.


1'(.\1:>1124. ( Con t d. 
-.----------­

) 
-- , -" 

F Al.'iI 

~-­

L Y 

1966 (BEJ)'ORE) 
\ 

PqDl2!'~. \'1e :1..51.11t: 

p.s.d.. RQnk p.s..d. Rank 
.,. -~-_. 

% 
Occurr­
ence 

,.----. 
p" 

----.Number 

s ..d" RanJ<. 

1968 (Aprl'ER) 

W~:f.ght 

p. sod.. Ran}c
------'-----'--­

% 
Occurr­
ence 

G.r u. c i lc).' 1. 5.0 c.w .01 
t OC \:\J. 5.(!.':le .05 
Occophor:Ldac -. 
P:2I;C CJ.].:t (J ae .09 
pYJ:o:1\oj:'phie] ao 
'1.'hyr J.e!i.cJaE . 
rJ.'O:C'l:J.-ic :J.C:::,-,e ,,01 

Unidentifiable Lsp.­

--

(88) 
(57)-
(46) 

-
(88) .. 

,,027 
3 &203 -

..259 
-
.'" 

,,004 
.­

mg 
mg' 

rng 

n1S; 

(62) 
(1)-

( 15) 
-
-

(87)-

185%. 
50B%-

lO ..J.% 
--
1,,5%-

,,03 (69) 
,,02 (86)
"OJ. (98) 
,,04 (So),­ :;.I 
"OJ. (98)
"OJ. (98) 
..OJ. (9li )

,,02 (74) 

.017 
,,772 
.001 
,,069 
,,0J.3 
.000 
.007 
.007 

mg 
mg 
mg 
mg 
mg 
mg 
mg 
Tng­

(71) 
(9) 

(111) 
(:38) 
(75) 

(119) 
(t'32) 
(02) 

6.5% 
3.2% 
1,.6% 
O.J.% 
1.6% 
1.6% 
J.. ex 
4.SX> 

w 
0 

NEUEOprJ:'Er<.,':. 

Con:Loptcrygic1ae
Hcmcx'ob:L:i.dilC 

.2 

.04 
1r;" ..) 

( 6i!.) 
(33) 

.1 

.004 
,,055 

mg 
mg 
mg 

(87) 
( 4-9) 

4,,3% 
13" O'}{. 

Ie1 
.,02 
.10 

(86) 
(11) 

,,0 
..002 
.044 

rng 
mg 
msr 

(99) 
(51) 

3.2% 
14 . ')% 

OI<'l'UOPTERA 

GJ:-yl1o.cr:Ldidae 
.2 
.16 (30) 

2,,5 mg 
20471 mg (3)15,,9% 

.0 
,,02 (86) 

2.0 
1.980 

mg 
mg (5) 3.2% 

PL.Ecopr],'ETV\ .7 
Ch1o:copc:clida.e .52 
NemouJ: :Lc\D.C .15 
Pc i:-.l:Ldo.o .01 
pcrlodidae -
UnidentifiablePle.­

(16) 
(33) 
(88)--

.5 
,,2J.2 
.088 
.181--

mg 
mg 
mg 
mg 

(.J.8) 
( ? 6)J 
(21)--

33.3% 
1 1 6<1..-., , 

10'5%--

.2 

.lO 
,,05 
-

,,01
,,01 

(37) 
(53) 
-
(98) 
(98) 

.2 mg 

.056 mg 

.063 mg-
,,102 mg 
..002 rng 

(44). 
(39)-
(31) 

(103) 

1J...3% 
4..8%-
1.6% 
1.6% 



Table 4. (Con'd.) 
,<,' 

FA"1ILY 

1966 (BEFORE) 

Number Weight 

p.s.d. Rarik p.s.d. Rank 

% 
Occurr­
ence 

Number 

p.s~d. Rank 

1968 (AFTER) 

Weight 

p.s.d. Rank 

% 
Occurr­
ence 

PSOCOPTERA 2.8 
Hesopsocidae .17 
POlypsocidae .24 
Pseudocaeciliidae2.40 
Psocic1ae .17 
Unidentifiable Pso.01 

THYSANOPTERA .1 
Phloeothripidae -

Thripidae .13 

(26) 
(23) 
(3) 

(26) 
(88) 

-

(38) 

.2 mg 

.011 mg (74) 15.9% 

.060 mg (47) 17.4% 

.107 mg (3 3) 7 6 .8% 

.045 mg (55) 14.5% 

.000 mg (108) 1.5% 

.0 mg 
- - -

.001 mg (97) 13.0% 

1.5 
.03 
.04 

1.35 
.10 
-

I .2', 
I .06 

.17 

(69) 
(59) 
(7) 

(37) 
-

(46) 
(32) 

..1 mg 

.004 mg (91) 

.003 mg (93) 

.060 mg (41) 

.013 I;Og (74) 
- -

.0 mg 

.901 mg (Ill) 

.001 mg (Ill) 

6.5% 
8.1% 

80.6% 
19.4% 
-

8.1% 
22.6% 

w 
..... 

TRICHOPTERA .5 
Brachycentridae .03 
Calall10cer a tidae -

Hydroptilidae .35 
Lepidostomatidae .15 
Limnephilidae -
Phryganeidae -

Rhyacophilidae -

Unidentifiable Tri.­

(72) 
-

(20) 
(33)-
-
-
-

.2 mg 

.007 mg 
-

.016 mg 

.141 mg -
-
-
-

(82) 2.9% 
- -

(68) 21.7% 
(28) 13.0% - -
- -
- -
- -

1.0 
.01 (98) 
.03,( 69) 
.63 ' (13) 
.06 ' (46)
..18 (30) 
.02 (86) 
.02 (74) 
.02 (74) 

9.8 mg 
.009 mg 
.196 mg 
.046 mg 
.036 mg 

9.402 mg 
.051 mg 
.075 mg 
.018 mg 

(80) 
(19) 
(49) 
(57) 
(1) 

(47) 
(36) 
(68) 

1.6% 
6.5% 

53.2% 
8.1% 

27.4% 
3.2% 
4.8% 
4.8% 

INSECT FRAGMENTS .05 (57) .009 mg (78) 7.2% .36 (22) .149 rng (24) 77.4% 



Table 4. (Con'd.> 

1966 (BEFORE) 1968 (AFTER) 
% % 

Number Weight Occurr- Number Weight Occurr­
ence ence 

p.s.d. Rank p.s.d. Rank p~s.deRank- p.s.d. Rank 

NON-INSECT

ARACHNID 1.28 (9) 3.079 mg (2) 63.8% .84 (9 ) .475 mg (13) 74.2%

CHILOPODA .01 (88) e001 mg (97) 1.5% -".01 (98) .001 mg (Ill) 1.6%

DIPLOPODA --;.01 (98) .026 mg (65) 1.6%


(,.oJ

N


'it'ftTOTAL 33.3 21.2 mg 63.0 35.7 mg




. - n -.


33


A brief analysis of the main "family" changes as


reflected by the two collections follows. It deals


principally with those fw~ilies constituting a substantial


part of the collections by either weight or numbers.


The Coleoptera (beeltes), in general, can be characterized


as having a large number of families represented, each of


which occurred a few times: the families collected changed


markedly from 1966 to 1968. The most important changes are:


(1) "Dytiscidae" did not occur in 1966 but were thirty-seventh


numerically and third on the weight listing of the insects


collected in 1968. They constituted over 8~~ of the weight


of Coleopterans in 1968. (2) "Limnebiidae" increased more


than forty fold in nQmber and weight from 1966 to 1968, but


beca~se they are very small, this large increase resulted in


only a small addition to the total weight. (3) "Staphylinidaell


showed a decline in importance from a rank of seventh by


number and eleventh by weight to nineteenth and forty-first


respectively.


The only family of Collemoola appearing consistently in


the samples was "Entomobryidae". It showed over a fourfold


increase__byn~~ber and weight from 1966 to 1968.


The greatest number of changes occurred in the large


order, Diptera. In both years Dipterans constituted more


than 60% of the insects by number and more than 25% of


their weight. Of the important changes occurring in this


order from 1966 to 1968, the principal increases by number


and weight "'el.~e
found in the farnilies"CeratopogonidaeII, 
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II C'L1ironomidae ", IIErnpididae II, and IITipu1idae II. Chironomi.ds 

were fourth in abundance and forty-ninth in importance by


weight classification in 1966. They increased fifteen fold


to become the most abundant family and fourth most important


by weight in 1968. In 1968 this family occurred at the rate


of 34.5 insects p.s.d., accounting for over half of that


year's total-number of insects; it was more abundant than


all families combined (33.3 insects pes.d.) for 1966. The


tipulids (crane flies) also showed a significant change, from


a number rank of eleventh to fourth. The ffu~ilies Empididae


and Ceratopogonidae showed less striking but still highly

-

significant changes.


Decreases in abundance also occurred in this order,


nota1;>ly in the families IICecidoroyiidae", II Dolichopodidae", 

II Ephydridae and "i.1uscidae II. The greatest decline was seen II


in the ephydrids, the most abundant f~~ily in 1966 when they 

occurred at 4.3 insects p.s.d. They dropped to third rank i? 

1968, occurring at ony 2.7 insects p.s.d. Cecidomyiids, 

dolichopodids, and muscids all decreased by about one insect 

p.s.d.


All/~amilies of Ephe.~eroptera(mayflies) increased in


abundance from 1966 to 1968. The baetids are the most


noteworthy because they increased by almost a full insect


per sillTIplingday, and showed a change from nineteenth to


eighth in numerical rank.


The increased importance of the order He~miptera,after


the road was constructed, can be attributed to increases in
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t\'lO semi-aquatic families, "Gerridae" and "Saldidae". The 

gerrids (water-striders) increased over tenfold in number 

to become the twenty-third most abundant f~~ilyo They also 

became second in importance by weight analysis. Salidae 

(shoFe-bugs) increased to twenty-five times their former


numbers and were twenty-third in.family abundance. Hiridae


(leaf-hoppers) which were the most abundant hemipteran family


in 1966, decreased to only one-half their previous abundance


in 1968. They were replaced as the most abundant hemipteran

"


by Gerridae and saldidae.

,<


Many famI~ies in the order Homoptera fhow decreases in

.'-,' ..s ." ,


ntL.'TIbersand we:;i.ght while a few families shovlincreases,these. 

increases being very small. The most striking declines are 
'...


displayed by the families "Cicadellidaell and jipsyllidaell.

...


Psyllids were seventeenth in abundance and ranked fourteenth


by weight in 1966, but no members of this family appeared in


the 1968 collections.


The order Hymenoptera showed insignificant change after


road construction.


There are only two notable changes occurring in the


Lepidopt~ra (moths). Both the "Noctuidae" and "Pyralidae"


decreased. Noctuidae are especially notable since they


experienced a fourfold decrease'in weight, sinking from first


rank in 1966 to ninth rank in 1968.


Only two families of Neuroptera were present in the


collections. Both showed decreases in abundance in 1968,


but because their presence was of minor importance originally,
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these decreases are not significant.


Gryllacrididae, the only family of Orthoptera present,


showed a marked, tenfold, decrease in abundance.


The order Plecoptera showed ~ general decrease in


abundance. The t\'l0most prevalent families lIC'riloroperlidaell


and "Nemouridaellhad numerical decreases of fivefold and


threefold respectively.


All families of Psocoptera decreased in abundance, the


decline rangitlgfrom two to six-fold. The rseudocaeciliidae,

- .,. . 

which was the third most abundant family in 1966, with 2.4


insectsoccurr~ng p.s.d., dropped to seventh in abundance in

-.


1968 with a rate of occurrence of 1.3 insects per day.


The order Thysanoptera sho\vedvery little change before


and after road construction.


The Trichoptera (caddis-flies) tended to increase in


abundance after road construction. The greatest change


occurred in the family IILimnephi1idae". This family was not


present in the 1966 drop collection but was the largest


contributor by weight to the 1968 collection.


Arachnids dropped from second in weight contributions


in the 1966 drop collection to thirteenth in the 1968


collection.


Tne number of unidentifiable insects increased considerably


in the 1968 collection due to a whit~ fungus (Saproleqnia ~.),


which attacked many preserved specimens.


A,brief SQ~~ary of the three most important numerically


occurring insect families in each collection shows interestin~
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changes. In 1966, Ephydridae (I), Cecidomyiidae (2), and


Pseudocaeciliidae (3) were most numerous. In contrast,


Chironomidae (1)I Cecidomyiidae (2), and Ephydridae (3)


were most important nllierically in 1968. A summary by


weight for 1966 shows, Noctuidae (1), Aracffi~ids(2), and


Gry11acrididae (3) most i~mportant while 1968 figures show,


Limnephi1idae (1), Gerridae (2), and Dytiscidae (3) as the


outstanding weight contributors.


When the 1966 and 1968 collections are compared with


regards to those families constituting over 2% of a year1s

t


t
collection, an interesting result is observed. Thirteen


families had over 2% occurrence by nlli~berin 1966 while only


seven,families had this occurrence in 1968. This result


tends to indicate that the 1968 disturbance due to road


construction caused large increases in a few fmnilies but


that the vast majority of fwuilies were less well representedo


All but one of the families in the 1968 collection appearing


at a 2% or greater occurrence were in the order Diptera, the


order which showed the largest increase in nlliubersof insects.


-



ANALYSIS AND DISCUSSION


Comparison of 1966 and 1968 Collections for Variations Due


~ Presence of ~ Logging Road


Initially the North Fork of Caspar Creek was to serve as


a control for comparison of insect collections between 1966


and 1968. However, no insect collection was made in 1968 on


the north fork. Another problem encountered in analysis was


that insect c~tlections were not made at t~e Sfu~estation on


similar dates between years, thus eliminating the possibility


of comparing collections on a station by station basis.


However, comparison between years is possible through IItotal"

~


To serve as a control, stations 3 - 9 on the south fork were


designated as an "Insect-ControlI! area because this area was


not directly affected by logging-road construction.


The remaining stations on the south fork were divided


into categories based on the amount of disturbance caused by


logging-road construction. The t\.;rocategories shovling the

.~


. most disturbance, "Disturbed" and "Highly Disturbed", were


then compared to the 1966 and 1968 "Insect-Control" areaso


The "Insect-Control" is an area where neither the road


nor any disturbing activity associated with it, comes closer


than 300 feet to the stream (Figure 4). The "Disturbed" areas


are stations where most of the vegetation has been removed in


at least a 100 foot radius of the stre~u. "Highly Disturbed"
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areas are bridge locations (Figure 4 and 5) and are character­


ized by complete removal of all vegetation ,in at least a 300


foot radius of the bridge.


The 1966 "Insect-Controll/area was compared to the 1968 

"fnsect-Control" area. The data in Figure 6 and Table 5 

indicate an approximate one-quarter decrease in ntunber (30%) 

and weights (20%) of insects p.s.d. in 1968.° Tl1e IIInsect-

Control" area information thus indicates a decrease of


insects due to annual fluctuation while the entire study area


had a twofold increase.


"DisturbedU and "Highly Disturbed" areas had large

.-.


increases in weights and numbers over the IIInsectControlll


area. The IIDisturbedllareas exhibited almost a fourfold


(3.7) increase in p.s.d. the IIInsect-Controll/nu."'1\bers over


area and an increase of 1.6 times by weight. The IIHighly


Disturbedll areas had over a fivefold (5..5) increase in


nwubers p.s.d. when compared with the 1968 control area, and


a threefold (3.2) increase by weight.


Table 5 shows that the order most responsible for the


change in numbers \vas Dip'cera vlhile Diptera, Hemiptera and


Tri~hoptera were all important in the weight increase.


Tests were also performed on these categories to find


the likelihood of their being similar and to evaluate bias


introduced by differing sampling times. An analysis for


comparability of the areas \"as made by a vJilcoxon rs tvlO


sw"'1\pletest, modified for unequal-sized sfu~ples by Mann and


Whitney (Steel and Torrie, 1960). The I/Insect-Contro1sll,
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1966 INSECT-CONTROL (Before Road)

a) No. of sampling stations: 1

b) No. of days sampled: 11


1968 INSECT-CONTROL (After Road, unaffected by road)

a) No. of sampling stations: 7

b) No. of days sampled: 16


1968 DISTURBED

a) No. of sampling stations: 11

b) No. of days sampled: 22


1968 HIGHLY DISTURBED (Bridge crossings of stream)

a) No. of sronplingstations: 2

b) No.,of days sampled: 4


Number/sampling day. 
"' " ' ' 

. .'110	 44 ch 

100 
. ,j ... . ..	 . Weight / sampling day -. r'""~~{40 E

. ~ 
I . C 

-090	 f .-
CJi	 f ..36 .~ 
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f r.52 U1 
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-rJ	 28 0. 
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c 50 120 ~ 

~
0
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[16 ,c 

L 30 112 '0 
2 20~, r~~'7'~"T~gU-~111111 [8 1: 
§ 10	 j 4
Z 0 ~lJllIlt~~	 ~lo 

.~s 
1966-INSECT 1968-INSECT DISTURBED HIGHLY 

CONTROL CONTROL	 DISTURBED 
Figure 6.	 Diagra.'1\shO\'7ing a decrease in numbers and ,-{eights


of insects per sa.,'l'<pling in Insect-Control area
day

(1966. to 1968), but an increase in the Disturbed

areas .after the logging-road was built"




Table 5.	 An Order summary of the 1966 Insect-Control area, 1968 Insect-Control area, 
Disturbed area, and Highly Disturbe~y,area. 

**A11 numbers and weights are expressed as p.s.d.-per sampling day** 
this,is equivalent to drop per square yard of",streamsurface 

1966 1968	 HIGHLY

ORDER,	 INSECT-CON'l'HOL INSEC'X'-CON'l'ROL DISTURBED DISTURBED 

Number Weight mg Number I'/eight mg Number Weight mg \ Number Weight mg 
---. - ,. 

COI,EOP 'l'EHA 2.1 3.7 mg .0 .0 mg 101 .8 mg 100 .6 mg 

COI,LE!1 BOLA .1 .0 mg .0 .0 mg ..2 .0 mg .2 .0 mg 
tV 

. DIP'l'ERA 17.8 4.5 mg 16.5 4.9 mg 60.8 10.1 mg 97..8 8.2 mg 
! 

EPI.mr.1EROPTERA .3 .0 mg .4 .1 mg 2.0 .9 mg 1.0 .1 mg 

HEMIP'l'ERA .9 . 2 rng .2 .0 mg 102 4.1 mg .8 4.8 mg 

HOlV';.QP'rEIA 1.4 .3 mg .3 .3 mg 1.3 ..1 mg .8 .1 mg 

HYr.f8NOP'l'ERA .6 .1 mg .2 2.8 mg .4 .2 mg .0 .0 mg 
i, 

LEPIDOPTERA .-, .2 mg 
() 

.1 .'0 mg .5 .8 mg .8 .3 mg 
NEUROP'l'ERA .1 .0 mg .0 .0 mg .1 .1 mg .0 .0 mg 

OR'rHOPTERA .1 1.7 mg .0 ..0 mg .1 .9 mg .0 .0 mg 

PLECOPTERA .9 4 ..2 mg .0 .0 mg .1 .2 mg .0 .0 mg 
1,..­



'I'able 5. (Con'd.> 

1966 1968 HIGHLY 
ORDER INSEcr'c-CONTROL INSECT-CONTROL DISTURBED DISTURBED 

Number Weight mg Number Weight mg .Numher>Weightmg Number Weight mg 

PSOCOPTERA 1.2 .2 mg .7 .0 mg 1.4 .1 mg 2.0 .2 mg 

THYSANopr'cERA .3 .0 mg .1 .0 mg .1 .0 mg .0 .0 mg 
'I'RICHOPTElA .7 ..6 mg .1 5.0 mg 1.0 2.8 mg 1.3 27.7 mg 

INSECT FRAGHENTS .1 .0 mg .5 .0 mg .3 .2 mg .3 .1 mg 
,r.:. 

w 
NON-INSECT 

ARACHNID 1.1 4.1 mg .4 .1 mg 
I
1.9 .4 mg .8 .0 mg 

"'I~'(~':TOTAL 27.6 16.2 mg 19.4 13.1 mg 71.3 21.7 mg 106.5. . 41.9 mg 
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1966 and 1968, showed a high probability (when compared by


number and weight) of coming from the same type area, while


the "Disturbed" and "Highly Disturbed" areas when compared


to the 1968 "Insect-Control" area showed negligible probability.


When grouped and tested by month the Wilcoxon's test showed


similar results, indicating the variation 'between categories


was not due to bias introduced by sampling time.'


Thus, the probable explanation for the large differencds


in numbers and weights of insects pos.d., is road construction


and the associated disturbance of the environment. These


environmental changes resulted in a great increase in


n~~bers of insects present at the 'surfaceof the South Fork,


Caspar Creek.


~

Aquatic Derived Insects


The families of insects represented in the drop collect­


ions can be grouped, on the basis of life history of member


species, as follows: 1) families whose species pass through


all life stages on land (Terrestrial habitat insects),


2) families whose species pass their i~~ature life stages in


or on water (Aquatic habitat insects), and 3) families in


. which some species are terrestrialin all stages while other


species have aquatic immature stages (Unspecified habitat


insects).


The nlli~bersand weights of Aquatic and Terrestrial insects


for the years 1966 and 1968 are plotted in Figure 7. The 1968


collection was found to contain five times the number of


Aquatic insects p.sed. as that collected in 1966. Likewise,
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in the 1968 collection, Aquatic insects were found to be ten


times more important by 'i;'leight. Terrestrial insects were


found to show a one-third decrease in numbers and a one-half


decrease in weight from the 1966 to 1968 collection.


The'38 groups plotted as Aquatic habitat insects, when


compared to the 107 groups plotted as Terrestrial habitat


insects, showed an interesting reversal. In 1966 there were


twice as many Terrestrial insects as Aquatics, but in 1968


this reversed and Aquatics were three and one half times more


prevalent.


The "Insect Controls", "Disturbed" and "Highly Disturbed"


areas were employed to determine if this Aquatic increase was


comparable to the degree of disturbance. Figure 8 shows that


the "1966 and 1968 "Control I!areas had similar nu,'Tlbersand


weights of Aquatic habitat insects, while the "Disturbed IIand


"Highly Disturbed" areas shm'led large increases.


Thus I Aquatic habitat insects \'leremuch more abundant on


the surface of the South Fork of Caspar Creek after road


construction. Tne &'Tlount of disturbance also se~"s to affect


the degree of this abundance.


/"


. Chironomid ~ncrease


The most outstanding characteristic of the 1968 drop


collection is the appearance of large n~"bers of chironomids.


In 1966 they were present in the drop-collection at the rate


"of 2.2 individuals p.sodq \vhile in 1968 this increasedto 

34.5 chironomids p.s.d. This increase is very significant


because this single family in 1968 contributed more insects
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p.s.d. to the collection (34.5 per day) than the total of


all insect fro~iliesin the 1966 collection (1966 rate 33.3


p.s.d.). -In 1968 Cnironomidae also exhibited nllinerical


dominance over all fili~iliesin both collections, having an


eightfold advantage over the second highest occurring family,


Ephydridae in 1966.


The reason for this dramatic increase seems to be the


disturbance to the land surface, caused by building the


logging road in 1967. The road construction caused i~~ediate


turbidities up to 4,000 p.p.m. during actual construction and


turbidities in excess of 3,000 p.p.m. curing the following


winter (DeWitt, 1968). I believe silting of the stre~~


killed most aquatic insects, except the more hardy Dipterans,


espe~~ally chironomids, which thrive best in polluted, highly


turbid conditions. Table 6 (Kopperdahl, personal co~~unicat­


ion), shows that during the summer of 1967 all aquatic


insect orders increased in the /lUndisturbedll
North Fork of


Caspar Creek \lhilein the South Fork where the logging road


was being built, only Diptera increased in the normal fashion,


all other orders decreasing markedly. Therefore, by the end


of road-~uilding disturbance in 1967, the South Fork of


Caspar Creek showed a greatly decreased insect population


from what was expected, with the Diptera having a normal or


somewhat greater population because of their ability to


withstand high turbidities.


Chironomids, one of the best suited dipteran's for


highly turbid conditions, have a short li£8 cycle.




Table 6.	 California Fish and Game "Benthos Samples 0' from the Undisturbed North

Fork and Disturbed South Fork of ,Caspar Creek. The June collections

represent a pre-road sample while the October collections were made
.'


after south fork road completion.,


SOUTH FORK CASPAR CREEK NORTH FORK CASP&~ CREEK


ORDER Numbers per ft 
2 

Numbers per ft 
2


June 1967 Oct. 1967 Difference June' 1967 Oct. 1967 Difference

(Oct.-Ju.ne) (Oct.-June)


COLEOPTERA 13.7 2.9 -10.8 3.6 '4.6 + 1.0

,!:>..
DIPTERA	 40.1 104..2 +64.1 ,4.4 8.4 + 4.0 \D


I


EPHEl'-1ERoprrERA 38.9 15.4 -23.5 
! 

13.9 32.2 +18.3 

PLECOPTERA 28.8 13.6 -15.2 13.3 26.9 +13.6 

TRICHOPTERA 28.3 6.6 -21.7 12.0 38.1 +26.1 

HISCELLl'-.NEOUS 1.8 0.3 - 1.5 0.3 0.5 + 0.2 
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Therefore, with increased turbidities, chironomids were


doubly favored because the south Fork'was an open habitat


in that most other insects had been eliminated by the silt,


and their short life cycle enabled th~~ to capitalize on


this advantage. I preslli~e chironomids increased by filling


the niches left by the organisms driven out by pollution and


by benefiting from the lack of normal competition and


predation. The lack of competitors and predators is a


highly significant factor for this family since it is on the


bottom of many food chains. Thus, chironomids occuppied the


most prominant position when the 1968 drop box collections

~'-."


Were taken. The 1968 California Fish and Game Departmentls


South Fork "benthos samples IIalso contain of
a ""large nlli'1\ber


larv~l chironomids (Kopperdahl, personal communication).


Other hypotheses, however, have been offered to explain


the above condition. Q1arles WarrenJ(1964), in a paper on


experimental stream enriclli'1\entimplies that if r~aoval of


/Iforest canopy" can increase producJcion of the bacterilli'1\


Sphaerotilus natans, the principal food of chironomid larvae,


chironomids in turn could increase phenomenally.




CONCLUSION


Insect populations, like fish, deer, rabbit and all


other populations except man's, are constantly being affected


by two forces, m~~im~~ carrying capacity of the habitat and


habitat change.


An area, such as Caspar Creek, will support a certain


biomass of insects, represented by a certain number of those


insects. This nlliuber and biomass will fluctuate each year,


but in an unaltered environment w~~l eventually approach and


maintain itself near a maximum carrying capacity. In the


caSe of insects this habitat is composed of a nQ~ber of niches

~


each~filled by a single species.


A logging road was constructed through this study area


(1967), after which (1968) new measurements were made on the


carrying capacity. The aDundance of insect fauna in this


area could have increased, decreased or remained unchanged.


Of the niches that were present before the road was built,


some remained unchanged and some have been altered or have


. even disappeared. Did the change in niche composition of


the habitat also cause a change in insect composition? ~raile


this study dealt only with insects falling into a stre~~,


definite changes can be seen in population composition


within the scope of the study.


Analysed data from the ent:ire I!study areal! show a two­


fold increase in insects by number and ~leight after the 



----

52


logging road was built. The IIDisturbed IIareas shmv a


fourfold increase by number 2~d a 1~5 times increase by


weight over the 1968 "Insect Control" area~ T'ae "Highly


Disturbedll areas snovled a fivefold increase by nu..-nberand


a threefold increase by Height over the InsecJc Control
I! I! .


A fivefold increase p.s.d. from 1966 to 1968 occurred 

in those adult insects that as immatures were associated with 

an aquatic environment~ 

If food \.;rasthe 11mi ting factor workinSj' upon the fish 

population, it is possible that ~he south fork would now 
-,


support a larger population of fish due to the increase of


drop insects~


It is probable that the changes suromarizedabove are


maximized at this pOint. As vegetation returns to this


area, sediment flow decreases and the area starts its


process of natural succession back to the undisturbed (original)


state, the drop of insects into the South Fork of Caspar


Creek should progressively decrease both by nu..-nberand weight 

until a new balance is reached.


~ 
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'l"heCaspar Creek study is the first recorded instance


where drop-boxes have been used in any project of this type.


Drop-boxes as used in this project were designed to


catch all insects and detritus falling on one square yard of


stream surface. In this project drop-boxes were used only


to evaluate insects dropping into a strew~. Such boxes


could also be used to evaluate,terrestrial detritus or leaf


enric~~ent of a stre~~1 or moved away from the stream and


used to predict insect drop, leaf fall, etc. under forest


canopies.


Drop-boxes must not be confused with Surber swnplers,

-


drift s~~plers; or other streilla s~~plers. Drop-boxes catch


adult insects plus those im~ature terrestrial insects that


would normally fall onto a stream surface. On the other hand


the above mentioned s~~plers catch imrnature aquatic insects


and those insects which drop into the streronand float in the


\'later. Drop-box sffi~plersthus deal with adult insects of


both aquatic and terrestrial origin while other aquatic sro~plers


deal principally with in~ature aquatic insects. Fish stomach


analyses show a combination of the above two types of insects.


In the Caspar Creek study, investigators observed that


drop-boxes were very efficient and caught all insects coming


in contact. with their surface. For method of placement;


catching solutions, size of box etc. the reader is referred


to the methods section of this paper.


Irnportant facts vlerediscovered on drop-box use during 

the study. It was found that drop-boxes should be placed
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high enough above the stre&~ surface to prevent contfu~ination


from the streilia due to increased streQU flow~ ~11rtherffiore,


collecting solutions should contain fo~nalin in addition to


mineral oil because of its superior preserving qualities~


Lastly and most important, all inner liners should be trir~ted


even with the drop-box which allows no overhang of the liner


into the stre~~. If this condition exists contwnination of


samples can occur from a moisture gradient transport over


the liner.
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